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(§) Portable Infrared imaging apparatus. 

@ Manually portable apparatus enabling high-resolution, 
two-dimensional infrared imaging of remote, non-contacting 
targets is described. An on-axis optical subsystem (12) 
consists of a single, single-faceted planar scanning mirror (20) 
that Is reciprocable by stepper motors (36,38) about two 
orthogonal axes (22,24). Oriented at approximately 45* relative 
>tp the mirror's iine-of-sight axis (26) to a target (18), the 
scanning mirror (20) reflects infrared energy Incident thereon 
toward a spherical converging mirror (30), which may be 
manually focused to change the distance between it and a 
single-element, non-cryogenically cooled, heat-sensitive detec- 
tor (34) located behind the scanning mirror (20). An ADC (44), a 
microprocessor (46) and a motor control circuit (45) provide 
means for imaging the target (16) by sampling the serial, 
conditioned output of the detector (34) in timed relation to the 
angular positions of the stepper motors (36,38), and transfor- 
ming energy density data to temperature data in a two-dimen- 
sional, pixel array. Integral display means (16) are provided, by 
which a colorable Infrared image may be viewed. In a proposed 
modification, a parabolic, rather than spherical, converging 
mirror is used. In another proposed modification, the detector 
interposes the scanning mirror and the converging mirror, 
insubstantiaily occluding the infrared enegy reflected by .the 
former. 
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This invention relates generally to infrared imaging 
apparatus. More partlcularty, the invention concerns 
a manually portable instrument capable of high-res- 5 
olution, two-dimensional infrared Imaging of a 
remote target. 

Commercial thermographic products are rooted in 
the military technologies developed for night vision, 
reconnaissance and targeting, in which the real-time 10 
Imagery of moving targets is made possible by 
complex, costly apparatus that use exotic materials, 
multi-element detector an-ays and cryogenic cooling 
to achieve high-resolution, flicker-free infrared Im- 
ages. Such complex opto-electronic systems im- 15 
pose a maintenance burden that few commercial 
users are able or willing to bear. 

Many commercial applications for thermographic 
products have vastly simpler requirements. Fre- 
quently, the infrared imaging subject, or target is 20 
stationary or may be constrained to remain so for 
several seconds. The infrared imaging apparatus 
most often is stationary. The production of a 
'snapshot', or single frame, infrared image every few 
seconds, rather than many times per second, would 25 
satisfy most commercial users. Notwithstanding the 
less demanding environments of many commercial 
applications, most commercial users require high- 
quaiity, two-dimensional thermographic imaging, 
which may be characterized as having resolution 30 
that rivals the resolution of the most costly military 
products. 

One commercial application in which the seem- 
ingly incongruous goals of low-cost, manually port- 
able, high-resolution infrared Imaging must be met is 35 
the thermal fault analysis of electronic circuit boards 
on the design bench, on the manufacturing floor or 
in the field. Such instrumentation must be capable of 
producing a high-resolution, two-dimensional, color- 
able, thermal image of a remote (noncontacting) 40 
target; it must be compact enough to be manually 
portable, while durable enough to withstand the 
harsh treatment that portability Invites; and it must 
require only minimal calibration and preventive 
maintenance. ^ 

Accordingly, it is a principal object of the present 
invention to provide high-resolution infrared imaging 
apparatus in a manually portable instrument. 

Another important object Is to provide apparatus 
capable of producing an integral, color mappable, SO 
two-dimensional pixel Image that may be stored, 
manipulated, displayed and telecommunicated over 
conventional data communication channels. 

A further object of the invention is to provide a 
flexibly posltionable infrared, optical subsystem that 55 
requires no cryogenic cooling. 

Yet another object Is to provide apparatus having 
a minimal number of optical devices requiring critical 
alignment. . , * 

Another important object of the invention Is to 60 
provide apparatus that Is highly tolerant of the slight 
opto-mechanlcal misalignments that may result from 
the ordinary use of manually portable Instruments. 



The apparatus of the invention combines, in what 
is referred to as an on-axis, optical subsystem, a 
single, reciprocably rotating, single-faceted, planar 
scanning mirror; a spherically concave converging 
min-or; and a single-element, non-cryogenically 
cooled, heat-sensltlve element as means for det^tot- 
ing, pixel by pixel, the thermal radiation of a remote 
target. Image forming means Includes a preamplifier 
circuit, a microprocessor and a frame memory in 
which a composite, two-dimensional, pixel represen- 
tation of the thermal profile of the target is stored. 
Conventional, color mappable display means pro- 
vides a visible image representative of the tempera- 
ture of the target. The microprocessor also provides 
control for the drive motors that reciprocate the 
scanning mirror and, in the preferred embodiment of 
the invention, further provides a communication 
path, via a conventional data commuunications 
channel, to optional, remote data commuunications 
equipment. 

In the prefen-ed embodiment of the invention, the 
scanning min-or is reciprocable about two orthogo- 
nal axes, one of which is collinear with the focal axis 
of the converging mirror. Conventional stepper 
motors are used to reciprocate the scanning mirror 
in a raster, or so-called "flying spot" scan of the 
target. The lead selenide (PbSe) detector is located 
at the focal point of the converging mirror, and 
•behind' the scanning min-or (on the side of the 
scanning mirror opposite the converging mirror), a 
central region of which is transmissive, rather than 
reflective, of the infrared energy directed by^^the 
converging mirror toward the detector. 

Infrared energy emanating from the target and 
along a line-of-sight axis from the target to the 
scanning mirror is reflected thereby onto the 
reflective surface of the converging minror. from 
which it is directed through the transmissive region 
of the scanning mirror and focused on the detector. 
The detector produces a signal representative of the 
infrared radiation of the target at sequential, elemen- 
tal, pixel locations thereacross. A preamplifier circuit 
and an analog to digital converter (ADC) condition 
the signal for digital presentation to the micropro- 
cessor, which processes the data based upon its 
monitoring and controlling of the instantaneous 
position of the stepper motors. 

A housing In which the optics, or optical subsys- 
tem, is flexibly tripod-mounted may be located at 
some distance from the instrument containing the 
electronics and display monitor. Alternatively, the 
housing may be secured to the end of a flexibly 
positionable, articulated arm which extends from the 
portable instrument and provides for the positioning 
and orientation of the optics relative to the target. In 
a proposed modification, a parabolic converging 
mirror is used. In yet another, the detector inter- 
poses the converging mirror and the scarw^ing 
mirror. ^. . 

Thus, the objects of the invention are achieved: a 
manually portable instrument provides for the high- 
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resolution, Infrared Imaging of remote targets by the 
use of an on-axis, optical system that is highly 
tolerant of Inadvertent misalignment The combina- 
tion of non-cryogenically cooled, single-element 
detection; conventional stepper motor reciprocation 
of a flying spot scanning mirror; and digital motor 
control and data manipulation enable unpre- 
cedented low-cost, high-performance, infrared Im- 
aging. 

These and other objects and advantages of the 
present invention more clearly wiil be understood 
from a consideration of the drawings and the 
following description of the preferred embodiment. 



Brief Description of the Drawings 

Fig. 1 schematically illustrates, in b!oci< 
diagram form, apparatus made in accordance 
with the preferred embodiment of the invention. 

Rg. 2 shows, in a front elevation, the optical 
subsystem of the apparatus. 

Rg. 3 shows the optical subsystem, in a side 
elevation taken generally along the lines 3-3 In 
ng.1. 

Rg. 4 is a schematic illustration correspond- 
ing to Rg. 1, except that It shows modifications 
to the preferred embodiment in which the 
detector interposes the scanning and converg- 
ing mirrors, and In which the converging mirror 
IS of generally parabolic shape. 



Detailed Description of the Prefenred Embodiment 



Referring first to Rg. 1, It will be seen that the 
apparatus of the present Invention, in its preferred 
embodiment, Is Indicated generally at 10, and 
includes an optical subsystem 12, image forming 
means 14 and displaying means 16. It will be 
appreciated that optical subsystem 12 Is illustrated 
schematically, and In what generally represents a 
side elevation of Its physical structure, to facilitate an 
understanding of its Important geometries, whereas 
Image forming means 14 and displaying means 16 
are illustrated schematically, and in functional block 
diagram form. 

A remote, or non-contacting target 18 is shown, 
for purposes of illustration, as an edgewise view of 
an etched circuit board having electrical compo- 
nents on the face thereof (on the right side in Rg. 1 ). 
A single-faceted, planar scanning mirror 20. is 
controllably and reciprocably rotatable about two 
orthogonal axes 22. 24. A line-of-sight axis 26 is 
defined as extending between target 18 and scan- 
ning mirror 20, and may be thought of as being the 
axis along which infrared radiation from target 18 
approaches scanning mirror 20, thus representing 
the central axis of the Instantaneous field of view of 
scanning mirror 20. 

infrared energy incident upon scanning mirror 20, 
which is oriented nominally at a 45*" angle to axis 26, 
is reflected from the reflective surface of mirror 20 In 



a direction that will be referred to herein as a 
reflection axis 28. A curvilinear, preferably spherical 
converging mirror 30, whose geometry defines a 
focal point F at a focal length L along a focal axis 32, 
5 is positioned above scanning mirror 20 generally 
along axis 28, and is dimensioned to receive a 
substantial fraction of the infrared energy incident on 
mirror 20, to reflect such energy Into a convergent 
beam, and to direct such beam toward the detecting 

10 means to be described. A single-element, heat-sen- 
sitive element, or detector 34, which in the prefen-ed 
embodiment Is of PbSe material, is positioned 
'behind* scanning mirror 20, or on the opposite side 
of scanning mirror 20 from converging mirror 30, 

IS preferably at focal point F. 

Importantly, focal axis 32 is. in the preferred 
embodiment of the Invention, generally collinear with 
reflection axis 28 of scanning mirror 20. As detector 
34 Is located at focal point F of converging mirror 30, 

a? it too Is collinear with focal axis 32. The resulting 
colllnearity of scanning mirror 20, converging mirror 
30 and detector 34 is referred to herein as an on-axis 
optical arrangement to distinguish apparatus in 
which, for example, a detector such as detector 34 is 

25 laterally offset from a converging mirror's focal axis, 
and infrared energy is directed toward it by way of a 
lens or a turning mirror. It will be appreciated that the 
fewer the number of optical elements in an optical 
subsystem, the fewer alignments and lesser preven- 

30 tive maintenance that are required. 

Referring still to Fig. 1, means for controllably, 
reciprocably rotating mirror 20 about orthogonal 
axes Is seen to include a scanning stepper motor 36 
•and a panning stepper motor 38. In the preferred 

35 embodiment of the Invention, mirror 20 reciprocally 
is scanned about horizontal axis 22 at a frequency in 
the range of approximately 6 to 12 Hz and within an 
angular range of between approximately 40"" and SO"" 
(±6" relative to Its null, or nominally 46** angled 

40 position) , as Indicated by arrows. Scanning mirror 20 
traverses thereby a pixel-wide column of target 18, 
and instantaneously is oriented to receive infrared 
: energy incident along axis 26 and to reflect the same 
along axis 28. Also In the preferred embodiment of 

45 the invention, mirror 20 reciprocally is panned about 
vertical axis 24. which is generally collinear with focal 
axis 32, at a frequency of approximately 1/30 Hz. 
Scanning mirror 20 thereby traverses consecutive, 
pixel-wide columns of target 18. by the incremental 

50 stepping of motor 38 at the end of each such 
columnar traversal. It will be appreciated that, 
although in the preferred embodiment Hall effect 
devices (not shown) are used to indicate angular 
positional extrema, any one of a number of altema- 

55 tive limit switch or proximity measuring devices may 
be used within the spirit of the invention. 

Thus, by the cooperation of motors 36. 38 under 
the control of a microprocessor, one 'snapshot*, or 
single-frame image of the thermal profile of target 18 

60 may be scanned approximately every 30 seconds 
(for a high-resolution image), or in less time (for a 
lower resolution Image), it will be appreciated that, in 
the preferred embodiment of the Invention, orthogo- 
nal axes 22, 24 intersect generally in the plane of 

65 scanning mirror 20 and generally at Its center. It also 
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will be appreciated that, in the preferred embodi- 
ment, scanning mirror 20 is positioned relative to 
converging mirror 30 so that focal axis 32 intersects 
scanning mirror 20 generally at the center thereof. 

Detector 34 and a preamplifier 40 combine to 
provide means for detecting the level of infrared 
energy incident upon scanning mirror 20 in timed 
relation to the rotating thereof. Detector 34 need not 
be cryogenically cooled, by v^rhich is meant that it 
operates writh sufficient noise immunity at tempera- 
tures well above -100*»C (173 K). Numerous advant- 
ages flow from this fact. Including the portability of 
the apparatus; the flexible orientation that the 
optical subsystem may assume; the low mass of the 
optical subsystem; the self-contained nature of the 
apparatus, as not requiring external plumbing; and 
the low mantenance required, as compared with 
cryogenically cooled systems, wherein Dewar flasks 
and other cryostatic elements periodically must be 
checked and filled. . , ♦ 

By referring to detector 34 as a single element 
detector, it is meant that detector 34 produces a 
single, time variant analog output, responsive to the 
Infrared energy incident upon its active surface, and 
representative of the energy density of target 18 at 
multiple, elemental locations thereacross. This may 
be distinguished from more costly, and difficult to 
align and maintain, multi-element detector arrays, in 
which multiple analog signals are produced, within a 
unit of time. In parallel fashion. It will be appreciated 
by those skilled In the art that an optical subsystem, 
such as subsystem 12. may be made at relative low 
cost, mass and volume by the use of a single 
element, non-cryogenically cooled detector. 

It will be noted that preamplifier 40 is illustrated as 
being a part of optical subsystem 12. Because of the 
relatively low-amplitude, and thus noise susceptible, 
nature of the modulated signal produced by detector 
34 preamplifier 40 must be located physically a short 
distance from detector 34. In the prefenred embodi- 
ment, preamplifier 40 is located less than 1 cm 
therefrom, providing the needed noise immunity. 
Preferably, detector 34 and preamplifier 40 may be 
'integrated onto a single substrate of semiconductor 
material or packaged integrally by hybrid packaging 

'"importantly, reciprocal scanning minror 20, detect- 
ing means 42 and image forming means 14 cooper- 
ate In such manner that detector 34 need not lae 
cryogenically cooled as in prior art apparatus, while 
apparatus 10 is capable of producing the high-resol- 
ution images heretofore thought possible only in 
massive, complex, high-cost equipment. Because 
detector 34, in uncooled operation, would exhibit 
high noise susceptibility, relatively low-bandwidth 
preamplifier 40 Is Impedance matched to detector 
34, thereby substantially reducing the presence of 
noise and yielding high detectivity wrthout cryogenic 
cooling. Those skilled in the art will appreciate that 
the bandwidth of preamplifier 40 need be only 
approximately as high as the rate at which pixels are 
processed by image forming means 14, which, in the 
preferred embodiment, is approximately 6 kHz. 
Thus, portable apparatus are realized, which achieve 
tiie seemingly inconsistent objects of high-resolu- 



tion and low-cost, and which produce two-dimen- 
sional, infrared images at a moderate rate. 

Refen-ing still to Fig. 1, means, responsive to the 
output of preamplifier 40, for producing data which 
5 represent a high-resolution, two-dimensional image 
of tiie thermal profile of target 18 are indicated 
generally at 14. Data producing, or image fomiing. 
means 14 is seen to Include a 12-bit analog-to-digital 
converter (ADC) 44; computer means, or a mict^q- 
10 processor 46; and a motor drive circuit 48. Under the 
control of microprocessor 46. ADC 44 samples the 
output of preamplifier 40 in timed relation to the 
relative angular position of motors 36. 38. whose 
positions are monitored and controlled, via motor 
IS drive circuit 48, by microprocessor 46. In a manner 
well-known to those of ordinary skill in the art, 
microprocessor 46 thus controls the angular posi- 
tion of motors 36. 38 by issuing stepping pulses; 
monitors their position by maintaining counters 
20 which may be incremented every time a stepper 
pulse is Issued; and clocks ADC 44 to sample the 
output of preamplifier 40 in timed relation to motifs 
36. 38, while avoiding positional inaccuracies result- 
ing from, e.g. backlash or chatter. 
25 It will be noted that, because of the signal 
conditioning effect of preamplifier 40. the associated 
electronics of imaging forming means 14 may be 
located at some distance from optical subsystem 12. 
In the preferred embodiment of the invention, image 
30 forming means 14 and displaying means 16 are 
located in a separate, manually portable cabinet (not 
shown) and optica! subsystem 12 may be distanced 
up to 3 m therefrom. 

Microprocessor 46 responds to ADC 44 by 
35 capturing the 12 bits of digital data, compensating 
for any non-linearities in detector 34 and, by 
straightfonward table lookup means, maps the power 
density represented by the output of preamplifier 40 
into the temperature of target 18 represented 
40 thereby. The result of this digital manipulation by 
microprocessor 46 is an array of binary data, which 
in the preferred embodiment are 8-bit bytes, repre- 
senting the relatively time-invariant temperature 
image of the target during one complete scanning 
45 cycle of mirror 20. Such bytes are stored in data 
storing means, or an image memory 50 in such 
manner that they may be retrieved, further manipu- 
lated, transmitted via serial port 52 to data commjini- 
cations equipment (not shown) or displayed. 
«7 It will be appreciated that microprocessor 46 is 
capable of manipulating data to represent the 
absolute temperature of target 18 by conventional 
calibration means and methods, e.g. the use of a 
reference or standard of known temperature. It also 
55 will be appreciated that microprocessor 46 may 
perform a variety of data manipulations on the pixel 
image. For example, the replication of alternate 
columns of pixel data into adjacent columns would 
allow a complete pixel image to be produced in one 
eo half of the normd cycle, as microprocessor advant- 
ageously controls both motors 36, 38 and ADQ 44. 
Similarly, microprocessor 46 may be used to provide 
image enhancement, e.g. conventional color map- 
ping may be provided to allow a display more 
65 effectively to represent temperature ranges or 
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resolutions specific to the user's needs. 

Displaying means 16 includes a video generator 
54. which Is capable of producing a composite video 
signal preferably compatible with conventional dis- 
play monitors. The video signal that is outputted by s 
video generator 54 is routed to a bulkhead connec- 
tor on the portable cabinet, for optional presentation 
to external video recording equipment. Finally, the 
output of video generator 54 is inputted to display 
mpnltor 56 for visible, infrared Imaging. It will be io 
appreciated that, while in the preferred embodiment 
the display device is display monitor 56. alternative 
display devices, e.g. a strip chart recorder, may be 
used. 

Referring collectively now to Figs. 2 and 3, the is 
structural details of the preferred embodiment of the 
optical subsystem are described. It will be under- 
stood that components of optical subsystem 12 
Illustrated in Figs. 2 and 3 are designated identically 
vyrfth corresponding components of Fig. 1. Thus, 20 
Fig. 2 shows, in front elevation, scanning mirror 20 
(whose projection Into the vertical plane is generally 
square) having a central regton 20a that has been 
tr^ted In such manner that it^is capable of 
substantially transmitting Infrared energy incident 25 
thereon. In the preferred embodiment, region 20a is 
so treated by cutting an elliptical hole through mirror 
20 (illustrated in Fig. 2 as a projected circle). It is this 
central, transmissive region 20a that permits infrared 
energy to be directed by converging mirror 30 onto 30 
detector 34, which, in the preferred embodiment, is 
located behind scanning mirror 20. 

Scanning mirror 20 may be seen to be positioned 
approximately in the center of a rectilinear optical 
subsystem housing 50. Housing 68. which In the 35 
preferred embodiment Is constructed of plastic, has 
a front panel 60 with edges 60a forming a rectangular 
hole through which infrared energy from target 18 
may pass. It will be appreciated that, although in the 
preferred embodiment the hole formed by edges 60a 40 
is not covered, it may be covered, within the spirit of 
the invention, by an infrared energy transmissive 
material that substantially does not affect the 
infrared energy passing therethrough. Housing 58 is 
attached to an extension 62 of a tripod (not shown) 45 
via a fixed shaft 64 and a rotatable bearing assembly 
66. In its preferred embodiment, housing 68 com- 
pactly houses optical subsystem 12 in an approxl- 
m€{tely 11.25 cm x 12.5 cm x 25 cm space. 

rt will be appreciated that, by virtue of the fact that so 
single element detector 34 requires no liquid 
cooling, and by virtue of the novel, simplified 
structure of optical subsystem 12. housing 58 may 
be oriented in virtually any position without diminish- 
ing the imaging sensitivity or resolution of apparatus. ss 
10, which accurately can resolve 0.2° C temperature 
differences at target 18. Thus, it will be understood 
that the orientation of optical subsystem 12 de- 
scribed and illustrated hereiQ is chosen for conveni- 
ence and consistency, and is neither a required nor a 60 
preferred operational orientation. 

A motor mount 68. which rigidly is connected to 
theS bottom of housing 58, fixes panning motor 38 
relative to housing 58 so that its shaft extends 
upwardly and generally vertically. A yoke 69, com- es 



prising shaft-mounted horizontal member 70 and 
laterally spaced apart, vertically extending, left and 
right support members 72, 74, rotatably mounts 
scanning mirror 20 and scanning motor 36 via left 
and right mirror mounts 76, 78. The combination of a 
needle bearing (not shown) between member 72 and 
mount 76, and the Integral bearing on which the 
shaft of motor 36 (and thus shaft-mounted mirror 
mount 78) rotates facilitates the smooth, controll- 
able scanning reciprocation of mirror 20. It will be 
appreciated that a counterweight may be added to 
left mirror mount 76 to compensate for the mass of 
motor 36, although In the preferred embodiment this 
is not deemed necessary. 

It is Important to note that by the structure and 
orientation of yoke 69 relative to motor 38 and mount 
68, and by ^rtue of the fact that mirror mounts 76. 78 
grasp scanning min-or 20 approximately in the 
vertical center thereof, scanning min-or 20 recipro- 
cates on orthogonal axes 22. 24 (refer to Fig. 1) in a 
substantially balanced way. The balanced motion of 
the reciprocally rotating assembly minimizes angular 
positional inaccuracies and renders the pivotal 
movement of mirror 20 highly linear and repeatable. 
It will be appreciated that the extraordinary simpncity 
of the scanning portion of optical subsystem 12, as 
including a single, low-mass, single-faceted, planar 
scannlng mirror, and low-mass, dual stepper motors 
further enhances the positional accuracy and repea- 
tability of the scanning process, thereby Improving 
the sensitivity and resolution of detecting means 42. 

In the preferred embodiment, detector 34 is 
mounted on a heatsink 34a. which rigidly extends 
from a rear framing member of housing 58. While 
detector 34 may be operated at room temperature, 
with adequate ventilation and conventional heatsink- 
ing, nevertheless In the preferred embodiment of the 
invention its operating temperature is reduced by an 
amount In the range of 1 0^-40** C by a single-stage, 
thermoelectric (solid state) cooler, which Is an 
integral part of detector 34. 

Referring still to Figs. 2 and 3. focusing means for 
controllably varying the distance between converg- 
ing mirror 30 and detector 34 are indicated generally 
at 80. Focusing means 80, In the prefenred embodi- 
ment, comprises a sliding/rotating assembly Includ- 
ing a sleeve 82 rigidly connected to mirror 30 and 
four pins, such as pins 84; a rotating assembly 
including a cylindrical casing 86 having quad, 
helically slotted holes through which pins 84 freely 
can slide, the slotted height of which can be 
slidably/rotatably traversed by sleeve 82, and Includ- 
ing a rigidly joined shaft 88 having a knob 90 on the 
end exiting housing 58; and a stationary assembly 
including diametrically opposed braces 92. each 
having dual, vertically slotted holes through which 
pins 84 freely can slide, it will be appreciated by 
those skilled in the art that the reciprocal rotation of 
knob 90 causes the reciprocal translation of mirror 
30 along its focal axis. Focusing means 80 thus 
provides for the convenient, manual control of the 
distance between the reflective surface 30a of 
converging mln-or 30 and detector 34, to accommo- 
date a range of distances to remote target 18, 
thereby to focus successive pixels of the reflected 
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image of target 18 onto detector 34. 

Braces 92 are, In the prefen-ed embodiment, 
rigidly mounted within housing 58 to a framing 
member 94. which provides desirable rigidity of 
optical subsystem 12 within housing 68. As may be 
seen with specific reference to Fig. 3, housing 
member 94 extends generally rearwardly from 
focusing means 80 and then downwardly, where its 
reapportion rigidly mounts heatsink 34a in cantilever 
fashion. It will be appreciated by those skilled in the 
art that framing member 94 ensures the desirably 
stable, optical alignment of detector 34 on focal axis 
32 (refer to Fig. 1) of converging mirror 30. 
regardless of the orientation of housing 58 relative to 
arm 62 and regardless of the focal position of 
converging mirror 30, when translated along its focal 
axis by focusing means 80. It also will be appreciated 
that framing member 94 may be made of a 
lightweight, durable material, e.g. aluminum, as in 
the prefen-ed embodiment of the invention. 

Specific reference now is made to Fig. 3, which is 
a side elevation of optical subsystem 12, In cutaway 
view through side panel 96 of housing 58. It will be 
understood by those skilled in the art that the 
scanning and panning motion of mirror 20 essentially 
determines the orientation of the field of view of 
converging mirror 30. wherein the field of view's 
central axis is caused momentarily to intersect a 
location on target 18 that is represented by a 
corresponding pbcel momentarily focused on detec- 
tor 34. Clearly, so long as central, transmissive 
region 20a of scanning mirror 20 insubstantially 
interrupts the reflective surface thereof, there will be 
only a slight loss of contrast In the Infrared Image 
formed by image fonning means 14 (refer to Fig. 1). 
It will be appreciated that, by appropriately locating 
detector 34 relative to scanning mirror 20 and 
converging mirror 30, detector 34 wiil 'see* a pixel by 
pixel Image of target 18's infrared radiation at 
successive points in time represented by the angular 
positions of scanning 3X\6 panning motors 36. 38. 
Thus detecting means and rotating means cooper- 
ate to produce a signal representing rasterized. pixel 
data interpretable as the temperature of target 18 at 
multiple, elemental locations thereacross. As de- 
scribed in reference to Fig. 1 above, image forming 
means 14 sample the signal outputted by preampli- 
fier 40 of the detecting means to produce an image 
memory 60 containing a two-dimensional, pixel 
representation of target 18's thermal radiation. 

Turning finally to Fig. 4, two proposed modifica- 
tions to the preferred embodiment of the invention 
are illustrated in a combined, schematic form that 
corresponds to Fig. 1. It will be understood that, 
where components of optical subsystem 12 are 
shown in Fig. 4 that correspond to those shown in 
Fig. 1, identical reference designators are used. It 
also will be appreciated that, in the interest of clarity, 
optical subsystem 12 is Illustrated In Fig. 4 only in 
pertinent part. 

The first proposed modification best may be 
understood by comparison of Figs. 1 and 4. It will be 
seen that, in Fig. 4, a converging mirror 98 of 
generally parabolic shape Is shown, corresponding 
to spherical converging mirror 30. In Fig. 1. As Is 



well-known, a parabolic converging mirror is ideally 
suited to focusing energy that is incident upon it in 
parallel with its focal axis. It also will be understood 
by those skilled in the art that a parabolic converging 
5 min-or Is less tolerant of off-axis incident energy than 
is a spherical converging mirror. Nevertheless, due 
to the on-axis orientation of optical subsystem 12 in 
the preferred embodiment of the invention, the 
position of detector 34. relative to the focal axis 28 of 
10 a converging mirror, easily and well may be main- 
tained, thereby enabling parabolic converging mln^or 
98 to be used to produced the desired, high-resolu- 
tion, infrared image. _ 
The other modification illustrated in Fig. 4 is to the 
15 preferred location of detector 34 'behind' scanning 
mirror 30, as illustrated best in Fig. 1, wherein 
scanning mirror 20 interposes converging mirroi^SO 
and detector 34. In the proposed modification to the 
invention illustrated In Fig. 4. detector 34 interposes 
20 scanning mirror 20 and converging mirror 98. 
insubstantially occluding the infrared energy re- 
flected by scanning mirror 20. and being preferably 
located on focal axis 32 at the focal point F of minror 
98. As in the preferred embodiment of the invention. 
25 scanning mirror 20 is oriented, in its null position, 
with an instantaneous line-of-sight of target 18 along 
axis 26. thereby to produce reflection axis 28, which 
is preferably collinear with focal axis 32. It will be 
appreciated that, although the proposed modifica- 
30 tions to the preferred embodiment are illustrated by 
way of a single figure, they may be implemented, 
within the spirit of the invention, alone or in 
combination. 
The advantages of the present invention now 
35 should be apparent to those skilled in the art. By the 
combination in an on-axis optical subsystem of a 
single, single-faceted, planar scanning mirror that is 
reciprocable by stepper motors about two orthogo- 
nal axes, a spherical converging mirror moveable 
40 along its focal axis to accommodate a range of 
targets, and a single-element, non-cryogenlcally 
cooled detector, the invention makes possible the 
raster scanning of a remote target to detect its pf^e\ 
by pixel infrared radiation. Image forming means are 
45 provided, by combining conventional ADC. mtero- 
processor, motor drive and image memory circuits 
to produce a two-dimensional, high-resolution 
image representative of the temperature of the 
target. Displaying means, cooperable with the image 
SO forming means, provide conventional color compo- 
site viewing of the "snapshof image produced over a 
several second interval. The equipment is packaged 
so that the optical subsystem may be distanced from 
the electronics cabinet, to provide truly manual 
55 portability of the apparatus and flexibility in the 
positioning and orientation of the optical subsyst^.m. 
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1. Manually portable apparatus capable of 
detecting and imaging the thermal profile of a 
remote target comprising: a single-faceted, 
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generally planar scanning mirror; means for 
rotating said mirror, controllably and reoipro- 
cably, about at least two generally orthogonal 
axes the Intersection of which and the target 
defining therebetween a line-of-sight axis; 5 
means for detecting the level of Infrared energy 
incident upon said scanning mirror, in timed 
relation to rotating thereof, to produce a 
modulated signal representing the energy den- 
sity of the target at multiple locations there- 10 
across; and means responsive^o such signal 
for producing data which represent a high-res- 
oiution, two-dimensional image of the thermal 
profile of the target. 

2. The apparatus of claim 1 , wherein said 1S 
' \ detecting means includes a non-cryogenicaily 

cooled, heat-sensitive element. 

3. The apparatus of claim 1, wherein said 
scanning mirror is oriented to receive Infrared 
energy, which is Incident thereupon generally 20 
collinear with such line-of-sight axis and gener- 
ally from the direction of the target, and to 
reflect such energy generally along a reflection 

axis, further comprising a converging mirror 
positioned generally on such reflection axis to 25 
receive a substantial portion of such reflected 
infrared energy, to reflect such energy into a 
convergent beam, and to direct such beam 
•Ij toward said detecting means. 

4. The apparatus of claim 3, wherein said $0 
converging mirror is curvilinear, said converg- 
ing mirror defining a focal point located on a 
focal axis at a focal length from the reflective 
surface thereof, and wherein said detecting 
means is located generally at such focal point. " 35 

5. The apparatus of claim 4, wherein such 
. focal axis and such reflection axis are generally 

collinear. 

6. The apparatus of claim 5, wherein said 
converging mirror Is of generally spherical 40 
shape. 

k 7. The apparatus of claim 5, wherein seud 
converging mirror is of generally parabolic 
shape. 

8. The apparatus of claim 5, wherein said 45 
scanning mirror Is positioned relative to said 
converging mirror in such manner that such 
focal axis intersects such scanning mirror 
generaiiy at the center thereof . 

9. The apparatus of claim 8. wherein a central 50 
region of said scanning mln'or is treated in such 
manner that It is capable of substantially 
transmitting infrared energy incident thereon, 

said central region insubstantiaily inten^upting 
. the reflective surface of said scanning mirror, 55 

10. The apparatus of claim 9, wherein said 
scanning mirror Interposes said converging 
mirror and said detecting means. 

11. The apparatus of claim 8, wherein said 
detecting means Interposes said converging 60 
mirror and said scanning mirror, said detecting 
means insubstantiaily occluding the infrared 
energy reflected by said scanning mln-or. 

12. The apparatus of claim 8. wherein such 
orthogonal axes intersect in the plane of said 65 



scanning mirror. 

13. The apparatus of claim 12, wherein such 
orthogonal axes Intersect generally at the 
center of said scanning mirror, 

14. The apparatus of claim 13, wherein one of 
such orthogonal axes is generally collinear with 
such focal axis of said converging mirror. 

15. The apparatus of claim 4, further compris- 
ing means for controllably varying the distance 
between said detecting means and said con- 
verging rhinror, thereby to focus the reflection of 
the target onto said detecting means, 

16. The apparatus of claim 1, wherein said 
rotating means and said detecting means are 
cooperable to produce such modulated signal 
In such manner that such signal represents 
rasterized, pixel data interpretable as the 
temperature of the target at multiple, elemental 
locations thereacross, wherein said producing 
means includes means for storing the data 
represented by such signal, and wherein said 
producing means further Includes computer 
means for manipulating the data when the same 
Is stored wfthin said storage means. 

17. The apparatus of daim 1, which further 
comprises means operatively coupled to said 
producing means for displaying, based upon 
such modulated signal, a high-resolution two- 
dimensional Image of the thermal profile of the 
target. . 
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